ABSTRACT 20
We investigated the natural and anthropogenic drivers controlling the spatiotemporal 21 distribution of the meiofauna in the submarine Blanes Canyon, and its adjacent western 22 slope (NW Mediterranean margin of the Iberian Peninsula). We analyzed the 23 relationships between the main sedimentary environmental variables (i.e. grain size, 24
Chl-a, Chl-a:phaeopigments, CPE, organic carbon and total nitrogen) and the density 25 and structure of the meiofaunal assemblages along a bathymetric gradient (from 500 to 26 2000 m depth) in spring and autumn of 2012 and 2013. 27
Twenty-one and 16 major taxa were identified for respectively the canyon and slope, 28
where the assemblages were always dominated by nematodes. The gradual decreasing 29 meiofaunal densities with increasing depth at the slope showed little variability among 30 stations and corresponded with a uniform pattern of food availability. The canyon was 31 environmentally much more variable and sediments contained greater amounts of food 32 resources (Chl-a and CPE) throughout, leading not only to increased meiofaunal 33 densities compared to the slope, but also different assemblages in terms of composition 34 and structure. This variability in the canyon is only partly explained by seasonal food 35 inputs. The high densities found at 900 m and 1200 m depth coincided with significant 36 increases in food availability compared to shallower and deeper stations in the canyon. 37 Our results suggest that the disruption in expected bathymetric decrease in densities at 38 900-1200m water depth coincided with noticeable changes in the environmental 39 
Sediment variables 157

Grain size 158
Grain sizes were analyzed using a Master Sizer 2000 laser analyzer. Each sample 159 was first defrosted and homogenized. Then, aliquots (~1 g) were treated with a 6% 160 hydrogen peroxide solution for 48 h to remove organic matter and subsequently washed 161 with distilled water to eliminate salts. Before each measurement 10 drops of distilled 162 water with sodium hexametaphosphate (0.05 %) was added to disperse the sediment. 163
Then samples were homogenized prior to running the analysis. Sediments were grouped 164 into grain size fractions as follows: clay (<4 µm), silt (4-63 µm) and sand (63 µm-2 165 mm). 166 167
Geochemical analysis 168
Aliquots of 0.5 to 5 g of sediment from each sample were freeze-dried to analyze 169 total carbon organic carbon (OC) and total nitrogen (TN) using an elemental analyzer 170
Flash 1112 EA interfaced to a Delta C Finnigan MAT isotope ratio mass spectrometer 171 at the "Centres Científics i Tecnològics de la Universitat de Barcelona". Samples for 172 OC were first de-carbonated using repeated additions of 25% HCl with 60°C drying 173 steps in between until no effervescence was observed (Nieuwenhuize et al., 1994) . 174 175
Pigment content 176
Sediment aliquots were freeze-dried and homogenized to extract pigments. About 1 177 g dry weight of sediment was mixed in 4 ml 90% acetone and the obtained extract was 178 centrifuged (4 min at 3000 rpm, 4°C) and filtered through a Whatman Anodisc 25 (0.1was used to estimate OM produced by surface primary productivity. The ratio Chl-a: 186 phaeopigments (Chl-a:phaeo) was used as a proxy to estimate the freshness of 187 photosynthetically derived OM (Thiel, 1978) . 188
All described analyses were performed using PRIMER v6 with PERMANOVA + 252 add-on software (Clarke and To assess the relative role of the various oceanographic processes contributing to the 269 temporal variability of downward particle fluxes in the study area during the study 270 period, surface primary production was obtained from satellite data of chlorophyll-a 271 concentration at www.nasa.gov. Daily river discharge series measured at the nearest 272 gauging station to Tordera River mouth was obtained from Agència Catalana de 273 l´Aigua (ACA) and significant wave height was provided by Puertos del Estado 274 (www.puertos.es). 275 respectively for clay and sand, p < 0.05, Fig. 2 ; Table 2 ; PERMANOVA, p < 0.05, 285 Table 4 ) whilst in the canyon there was no consistent bathymetric trend (Fig. 2) . In 286 general (slope and canyon samples pooled), grain size decreased until BC900, peaked at 287 BC1200 and, then decreased again with depth (Table 2) . 288
Sedimentary Chl-a and CPE content were higher in the canyon than at the slope, 289 except for Chl-a at BC500 in spring 2013 (Fig. 2 , Table, Table 3 ). Slope samples 290 exhibited decreasing Chl-a and CPE with increasing water depth (R 2 =0.58 and 0.65 291 respectively, p < 0.05, Table 4 ; Fig. 2) . Sedimentary Chl-a content was different 292 between sampling periods (Tm x WD interaction, pairwise comparisons, p < 0.01, Table  293 4), particularly at OS1750 between spring and autumn 2012 (p< 0.05, Table 2 ). CPE did 294 not differ between sampling periods (Table 4) . Along the canyon axis, Chl-a decreased 295 with increasing water depth (Fig. 2 , R 2 =0.26) but the high variability at BC1200 296 (autumn 2012 and spring 2013) and BC1500 (spring 2012) obscured this general pattern 297 (Table 2) . Chl-a differed significantly between sampling periods and water depths 298 (PERMANOVA, p < 0.01, Table 4 ). As for Chl-a, CPE decreased with increasing water 299 depth along the canyon axis, except for the peaks observed at BC1200 (autumn 2012 300 and spring 2013) and BC1500 (spring 2012) ( Table 2 , PERMANOVA, p < 0.01, Table  301 4). 302
The "freshness" (Chl-a: phaeo ratio) of OM did not differ significantly between the 303 canyon and slope (PERMANOVA, p > 0.05, Table 3 ). At the slope, the freshness of 304 OM did not show a clear decrease with increasing water depth (Fig. 2F ) and differences 305 between sampling periods were not significant (PERMANOVA, p > 0.05, Table 4 ). In 306 the canyon, the freshness differed significantly between sampling periods and water 307 depths, but a clear decrease with increasing depth occurred only in spring 2012 (Table  308 2; PERMANOVA, p < 0.01, Table 4 ). There were also significant differences between 309 spring and autumn 2012 for BC500, BC900 and BC1500 and between autumn 2012 and 310 2013 at BC1750 and BC2000 (Tm x WD interaction, pairwise comparisons, p < 0.01, 311 Table 4) . 312
Sedimentary OC and TN differed significantly between the canyon and slope 313 (PERMANOVA, p < 0.05, Table 3), with the main differences occurring at 500 m depth 314 and the 1500-2000 m stations for OC and at 500 m and 1750 m depth for TN (pair-wise 315 comparison, p < 0.05, see Fig. 2 ). At the slope, OC and TN differed significantly (Table 4) but only TN decreased with increasing depth (R 2 = 0.27; Fig. 2 ). Along the 319 canyon axis, OC and TN differed significantly between sampling periods and water 320 depths (PERMANOVA, p < 0.01, Table 4) , with a pronounced decrease with increasing 321 water depth in spring 2013 (Table 2) . OC and TN were significantly higher in spring 322 2013 and autumn 2012 (Table 2). TN also differed significantly between 2012 and  323 At the slope, there were significant differences between depths (PERMANOVA, 352 p < 0.01, Table 6 ), and a density decrease with increasing water depth (R 2 =0.84, p< 353 0.005, Fig. 4 ) was observed. There was little between-replicate variability in density at 354 each station along the slope, in contrast to the high variability observed in the canyon 355 (Table 6 ). The minimum slope density recorded was 209 ± 44 ind. 10 cm -2 at OS2000 in 356 autumn 2012 and the maximum was 1027 ± 72 ind. 10 cm -2 at 500 m depth in spring 357 2013 (Table 7, Fig. 5B) . 358
Along the canyon axis, the densities did not show a clear bathymetric pattern, 359 and they were characterized by high variability over the different sampling periods 360 within and between depths (Fig. 4, 5 A) . The minimum density recorded was 378 ± 69 361 ind. 10 cm -2 at BC900 in spring 2012 and the maximum was 1763 ± 245 ind. 10 cm -2 at 362 BC500 in autumn 2012 (Table 7 , Fig. 5 A) . The highest variability was observed at 363 BC900 and BC1200 (Fig.5 A) . There was a significant influence of water depth at each 364 sampling period, except in spring 2013 (PERMANOVA, p < 0.05, Table 6 ). In fact, the 365 observed differences were caused by the densities at BC500, which were significantly 366 higher than those at the deepest stations (BC1500, except in spring 2012, BC1750 and 367 BC2000) (Table S1 , pair-wise comparison within Tm x WD; Fig 5 A) . 368
369
Regarding the temporal variability, at the slope stations, meiofauna densities did 370 not exhibit significant differences at any sampling depth (PERMANOVA, p > 0.05, 371 Table 6 ; Fig. 5B ). In contrast, densities inside the canyon differed significantly between 372 sampling periods (Fig. 5A, Table 6 ), but no clear seasonal patterns were observed. In 373 2012, densities were higher in autumn than in spring, (except at BC1500) while the 374 trend was the opposite in 2013 (except at BC900) (Fig. 5A ). Significant intra-annual 375 differences occurred in 2012 at BC1750, with higher densities in autumn compared to 376 spring. Significant inter-annual variability mainly occurred between autumn periods at 377 BC500 and BC1750, where densities were higher in 2012 than 2013, and at BC900, 378 where the opposite was observed (Table S1 , pair-wise comparisons). There were no 379 temporal differences detected at stations BC1200, BC1500 and BC2000 (Table S1 , pair-380 wise comparison; Fig 5A) were also evident, especially in spring and autumn 2012 (Table 6) . At the slope, 400 meiofauna composition varied between water depths (Table 6 ). The maximum of 13 401 taxa was found at OS1500 in autumn 2012 and the minimum number of 5 taxa was 402 found at OS1750 in autumn 2013, Despite of the reduced number of slope samples, the 403 number of taxa decreased with increasing water depth in autumn 2012 and spring 2013 404 (Table 7) . In the canyon, the meiofauna community structure also differed among water 405 depths (Table 6) , except for the BC500-BC1200, BC900-BC1200, BC1500-BC1750 406 and BC1750-BC2000 pairwise comparisons (Table S2 ). However, the MDS ordination 407
showed that there were no clear relationships between meiofauna community structure 408 and bathymetry, except in autumn 2013 (Fig. 6) . The maximum number of taxa (14) 409 was found at BC900 in autumn 2012 and spring 2013 and the minimum (6) at BC2000 410 in autumn 2013 (Table S1 ). The reduced dominance of nematodes at BC900 is 411 countered by a relative increase of copepod and nauplii densities (Table 7) . 412
413
The structure of the slope assemblages did not differ between sampling periods 414 (Table 6) , despite there was an increase in number of taxa from spring to autumn 2012 415 (Table 7) . In the canyon, there were clearly significant time differences (Table 6) , withcomparison). These differences were mainly owing to the increase in number of taxa 419 from spring to autumn 2012 at all sampling stations (except at BC2000) ( Table 7) . 420 421
Relationship between meiofauna and environmental variables 422
Meiofaunal densities showed significant, positive correlations with the variables 423 representing food inputs (i.e. CPE, Chl-a, and OC) both in the canyon and at the slope, 424 but correlations were higher for the slope than in the canyon (Spearman correlation, 425 Table 8 ). At the slope, negative correlations between meiofauna densities and TN and 426
Clay were found, while a positive correlation with Sand occurred along the canyon axis. 427
Environmental variables all together explained 43% and 18% of the observed 428 variation in meiofauna community structure in the slope and in the canyon, respectively 429 (Table S3, The maximum densities in the Blanes Canyon axis were higher than those 444 observed in other Mediterranean canyons (Table 9 ). Minimum densities were equivalent 445 to those of Cape of Creus Canyon, but about 5 to 8 times higher than in the remaining 446 canyons, even when compared to previous data from Blanes Canyon (Table 2) , 491 which is likely related to greater terrestrial runoff from the rivers in 2013 (Fig. 7B ) 492 combined with the resuspension caused by the high waves registered during spring 2013 493 (Fig. 7C) . However, the responses of the meiofaunal assemblages were not 494 homogeneous along the studied bathymetric range; likely an indication of other factors 495 that can alter food availability in the canyon-slope sediments and ultimately meiofauna 496 densities and community composition. 497
For instance, the food signals detected in the sediments (in terms of CPE and 498
Chl-a, see Table 2 ), together with the sand content (Table 2) The relatively low densities detected at BC500, BC900 and BC1200 in the 528 canyon axis in spring 2012 (Fig. 5A) , however, seem to correspond to effects of a major 529 The meiofaunal communities in the deeper areas of the canyon, particularly at 540 BC1500 and BC2000 seemed to be more stable over time ( Our results revealed a bathymetric decrease of meiofaunal density at the slope, 571
but not in the canyon (Fig. 4) . For instance, in the canyon axis, meiofauna was less 572 abundant at BC900 than at the deeper stations (BC1500, BC1750 and BC2000) in 573 spring 2012, but it was higher in autumn 2013 (Fig. 5A ), likely as a result of the 574 combined canyon heterogeneity and the oceanographic and anthropogenic drivers 575 favoring a higher variability along the axis (see section 5.1). It was clear that densities 576 inside the canyon were higher than those at the western slope, and this was particularly 577 evident for the deepest stations (BC1500, BC1750 and BC2000). However, the deep 578 canyon stations exhibited high temporal meiofauna density variability, almost double 579 the variability observed for the slope (i.e. 31% vs. 16.6% on average, respectively). 580
These results provide further evidence that a heterogeneous canyon environment can 581 lead to meiofaunal assemblages with highly variable distributional patterns in space and 582 time, whilst slope environments tend to be more stable as evidenced by the uniformity 583 of meiofauna density and community structure at the western (present study) and 584 eastern slope (Romano et al., 2013) . 585
We observed a decrease in sedimentary food sources (e.g. phytopigments) with 586 increasing depth along the slope; a pattern which agrees with previous findings lower at the slope than in the canyon, which supports the view of canyons playing 591 important roles in catching and channeling organic inputs (Fig. 2) . A similar depth-592 related pattern was observed for meiofauna density and composition (Table 7) , which 593
show low temporal variation and positive correlations with food sources (Chl-a, CPE, 594
Chl-a:phaeo), suggesting a causal relationship. 595
In the canyon, the high variability within and between depths along the axis, 596 both in terms of meiofauna density and sediment variables (Table 2 shallow parts compared to the deeper parts, and meiofauna showed a strong negative 605 correlation with clay content (Fig. 2 ). An increase in the fine sediment fractions leads to 606 more compacted sediments, causing a reduction in the interstitial space available for 607 meiofaunal organisms. In the canyon, sand content was positively related with 608 meiofauna density (Table 8 ). All canyon axis samples (except the shallowest one at 609 BC500) contained coarser sediments than those at the slope presumably caused by the 610 local sedimentological and hydrological conditions and was reflected in the higher 611 meiofauna densities. Grain size trends illustrate the physical dynamism and variable 612 conditions along the axis in the Blanes Canyon, except at BC2000, where the conditions 613 appear to be similar to those in the slope. 614
Slope and canyon systems clearly differ in meiofaunal composition (Table 5 ) 615 with more rare taxa (i.e., other than nematodes, copepods, nauplii and polychaetes), and 616 generally in greater numbers in the canyon than at the slope. This stands in contrast to 617 the study by Gambi et al. (2010) but supports several other studies that claim submarine 618 canyons to be hotspots of benthic biodiversity and biomass in the deep-sea at least in623
Conclusions
624
The sedimentary environments within and nearby the Blanes submarine canyon 625 are subjected to numerous and heterogeneous processes occurring with distinct 626 frequencies and intensities over time, and, leading to cyclic episodes of deposition, 627 resuspension and transport. In addition to this natural variability, the influence of 628 anthropogenic activities, particularly intensive bottom trawling fisheries, reveals to be a 629 key factor affecting both geological and biological processes. Station BC500 BC900 BC1200 BC1500 BC1750 BC2000 OS1750 OS2000
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